The adiabatic global potential energy surface of the H 3 ϩ system for the lowest triplet excited state of AЈ symmetry was computed for an extensive grid of conformations around the minimum region at full configuration interaction ab initio level, using a much more extended basis set than in a previous paper from the same authors. An accurate global fit ͑rms error lower than 27 cm Ϫ1 for energies lower than dissociation into separated atoms and lower than 5 cm Ϫ1 for energies lower than the dissociation channel͒ to these ab initio points and also to part of the previous calculated points ͑for a total of 7689 energies in the data set͒ of the lowest triplet excited state of AЈ symmetry is obtained using a diatomics-in-molecules approach corrected by one symmetrized three-body term with a total of 109 linear parameters and 1 nonlinear parameter. This produces an accurate global potential which represents all aspects of the bound triplet excited state of H 3 ϩ including the minima and dissociation limits, satisfying the correct symmetry properties of the system. The vibrational eigenstates have been calculated using hyperspherical coordinates with symmetry adapted basis functions with the proper regular behavior at the Eckart singularities. The accuracy of the vibrational levels thus obtained is expected to be better than 2 cm Ϫ1 with respect to unknown experimental values. Due to the presence of three equivalent minima at collinear geometries (D ϱh ) the lower vibrational levels are close to triple degenerate. Since the interconversion barrier between the three minima is about 2640 cm Ϫ1 , these states split for the upper excited vibrational levels. Such splitting can provide a key feature to identifying the unassigned transitions amongst the many H 3 ϩ lines that have been observed in hydrogen plasmas.
The adiabatic global potential energy surface of the H 3 ϩ system for the lowest triplet excited state of AЈ symmetry was computed for an extensive grid of conformations around the minimum region at full configuration interaction ab initio level, using a much more extended basis set than in a previous paper from the same authors. An accurate global fit ͑rms error lower than 27 cm Ϫ1 for energies lower than dissociation into separated atoms and lower than 5 cm Ϫ1 for energies lower than the dissociation channel͒ to these ab initio points and also to part of the previous calculated points ͑for a total of 7689 energies in the data set͒ of the lowest triplet excited state of AЈ symmetry is obtained using a diatomics-in-molecules approach corrected by one symmetrized three-body term with a total of 109 linear parameters and 1 nonlinear parameter. This produces an accurate global potential which represents all aspects of the bound triplet excited state of H 3 ϩ including the minima and dissociation limits, satisfying the correct symmetry properties of the system. The vibrational eigenstates have been calculated using hyperspherical coordinates with symmetry adapted basis functions with the proper regular behavior at the Eckart singularities. The accuracy of the vibrational levels thus obtained is expected to be better than 2 cm Ϫ1 with respect to unknown experimental values. Due to the presence of three equivalent minima at collinear geometries (D ϱh ) the lower vibrational levels are close to triple degenerate. Since the interconversion barrier between the three minima is about 2640 cm Ϫ1 , these states split for the upper excited vibrational levels. Such splitting can provide a key feature to identifying the unassigned transitions amongst the many H 3 
I. INTRODUCTION

In a recent review on H 3
ϩ , Tennyson 1 points out that it is possible that amongst the many H 3 ϩ lines that have been observed in hydrogen plasmas, some will belong to the lowest triplet excited state of H 3 ϩ . But in the absence of a full potential energy surface for this state and sophisticated rovibrational calculations, these transitions will remain among the many that have yet to be assigned. McNab 2 also considers that no accurate calculations of vibration-rotation levels and no spectroscopic observations, which involve the triplet excited state of H 3 ϩ , have been reported and such calculations and observations would be extremely interesting. Moreover, in a study of the infrared predissociation spectrum of the H 3 ϩ ion containing nearly 27 000 lines which span only 222 cm Ϫ1 , Carrington and Kennedy 3 note that H 3 ϩ has a bound excited triplet state in which the configuration is expected to be linear. Calculations suggest that this state is sufficiently stable to support a number of vibrational levels. However, they have not found evidence that the observed spectrum involves this triplet state. Therefore, any information on the rotation-vibration spectrum of the metastable triplet state of H 3 ϩ would be interesting.
Schaad and Hicks 4 were the first to locate an excited electronic state of H 3 ϩ that was bound with respect to vibration, the linear triplet state, which dissociates to H 2 ϩ ( 2 ⌺ g ϩ ) ϩH( 2 S). Ahlrichs et al. 5 used a harmonic oscillator approximation to the potential energy surface near the minimum to determine the harmonic frequencies, force constants, as well as the formation energy of the reaction: is expanded in terms of elements of Wigner's D matrices depending on hyperspherical angles maintaining a fixed hyper-radius (). The authors conclude that the fitted PES does not have spectroscopic accuracy. 7 The authors also remark that a good description of the PES requires many configuration interaction calculations due to the presence of a narrow gorge in the PES that is otherwise very flat having a high probability of tunneling between the three symmetryrelated minima. Moreover, they comment that the harmonic approximation used by previous researchers is inappropriate given the anharmonicity of the surface. However, no accurate calculations of rovibrational levels supported by this PES have been published.
In a previous paper, 8 hereafter referred as paper I, we reported full configuration interaction ͑FCI͒ ab initio calculations for a huge number of H 3 ϩ configurations and for a total of 36 states of AЈ and AЉ irreducible representations with both singlet and triplet multiplicities. In paper I we also reported an accurate full dimensional analytical representation of the adiabatic ground-state 1 1 AЈ global PES ͑GPES͒ and the corresponding rovibrational analysis. In the present paper our aim is to report a similar study for the lowest triplet excited state of the H 3 ϩ system.
II. POTENTIAL ENERGY CALCULATIONS
In paper I we reported FCI calculations using the extended (11s6p2d)/͓8s6 p2d͔ basis set for a total of 8469 different H 3 ϩ conformations. We used the C s symmetry group for all the geometries and had computed 36 different states at each point of AЈ and AЉ irreducible representations with both singlet and triplet multiplicities. However, those calculations were made using a grid adapted to the adiabatic ground state 1 1 AЈ. In the case of the lowest triplet excited state 1 3 AЈ both the repulsive wall and the shallow well are located at larger H-H distances than that corresponding to the ground state. As a consequence, those previous calculations corresponding to very short H-H distances must be discarded or weighted with a very small value for the fit. Moreover, the presence of a narrow gorge in the PES of the lowest triplet excited state 1 3 AЈ, reported by Wormer and de Groot, 7 requires many calculations to obtain a good description of such region. Therefore, we have computed a new set of FCI calculations for different H 3 ϩ conformations adapted to give a better description of the lowest triplet excited state mainly at the shallow well region.
The need for new calculations using more extended basis sets is also due to the need for a reliable estimate of the accuracy of the data corresponding to the lowest triplet excited state considered in this paper. The best reported variational result 6 corresponds to the minimum configuration and the basis set used in this case was of lower size than that used in the calculations reported in paper I. Moreover, the authors of the HCI calculations 6 claim that the importance of electron correlation for the triplet state is much lower than for the singlet state because the existence of the exchange hole is already accounted for in the conventional CI wave function. They also have noticed this effect in their study of the triplet excited states of H 2 . 9 This effect means that the greater amount of improvement for the HCI energy in comparison to the FCI energy is due to the basis set size. We have calculated the FCI energy corresponding to the absolute minimum of the lowest triplet excited state, with the distance between two hydrogen atoms kept fixed at 2.454 bohr in a linear configuration, using as basis set the d-aug-cc-pV6Z 10 (12s7 p6d5 f 4g3h)/͓8s7 p6d5 f 4g3h͔ with a total of about 500 basis functions for this system. The resulting FCI energy with the above-mentioned basis set is Ϫ1.116 106 27 a.u. and, to our knowledge, is the best variational result reported so far-it is only about 1 cm Ϫ1 lower than the previous HCI result. Moreover, if we do the same calculation using the cc-pV6Z 10 basis set (10s5 p4d3 f 2g1h)/͓6s5 p4d3 f 2g1h͔, with less than 300 basis functions for this system, we obtain a total energy that is about 2 cm Ϫ1 higher than our best FCI result. Therefore, we select the latter cc-pV6Z basis to perform calculations at about 400 different configurations close to the minimum region to obtain an estimate of the accuracy of our data corresponding to the lowest triplet excited state.
To specify our grids of H 3 ϩ conformations, for our new FCI calculations on the lowest triplet excited state, we have adopted internal coordinates given by r 12 , r 13 , and the angle ( being the H 2 H 1 H 3 corresponding angle in internal coordinates͒. The grid covering the shallow well was constructed by ͑all distances in bohr͒
corresponding to 45 H 3 ϩ conformations for each angle that we have computed from collinear to perpendicular arrangements in increments of 10°. The total number of different conformations was 405. We use the (11s6 p2d)/͓8s6p2d͔ basis set of paper I, along with cc-pV6Z 10 to compute the FCI data points. We have used C s symmetry group for all the geometries. Using the (11s6p2d) basis set, with the four innermost s functions contracted to ͓8s6 p2d͔, the total energy of H 3 ϩ at its lowest triplet excited-state equilibrium geometry ͑linear symmetric conformation, equilibrium bond length R e ϭ2.454 bohr͒ is Ϫ1.116 046 a.u., about 13 cm Ϫ1 above the best variational result reported in this paper. However, as we stressed in paper I, this absolute error is not as important as the error in energy differences with respect to a reference zero energy. Since we have computed the same conformations using the cc-pV6Z basis set, it is possible to obtain a rms deviation of our energy difference errors, taken as zero energy value the corresponding energy of the equilibrium geometry both for the (11s6 p2d)/͓8s6 p2d͔ energy differences ͑zero energy at Ϫ1.116 046͒ as for the cc-pV6Z more accurate energy differences ͑zero energy at Ϫ1.116 098͒. The resulting rms deviation is less than 5 cm Ϫ1 ͑and only about 15 cm Ϫ1 if the rms is calculated with respect to the absolute energies͒.
Including the FCI energies for the lowest triplet excited state, obtained in paper I, up to 70 000 cm Ϫ1 above the lowest triplet excited-state absolute minimum ͑zero energy at Ϫ1.116 046 a.u.͒, we obtain a total number of 7689 conformations. Two files containing the 7689 lowest triplet excitedstate H 3 ϩ data points used to obtain the GPES reported in this paper and the 405 very accurate cc-pV6Z energies mentioned earlier, have been placed in the electronic depository EPAPS. 11 We must stress that the dissociation channel cor- 
III. THE FIRST TRIPLET EXCITED-STATE H 3 ¿ GLOBAL SURFACE
We write the global potential energy surface corresponding to the H 3 ϩ first triplet excited state (1 3 AЈ) as
where V DIM is the lowest eigenvalue of the symmetric 3 ϫ3 matrix, corresponding to the diatomics-in-molecules approach with neglected overlap, given by
V H (1) being the energy of the 2 S state of the H(1s) atom (Ϫ0.5 a.u. or Ϫ109 737 cm Ϫ1 ). The two-body energies V AB (2) ͑including the nuclear repulsion͒ have been written as in paper I ͓see Eqs. ͑2͒-͑5͒ in paper I-note that in paper I there is a misprint in the offdiagonal terms of the DIM matrix, which must be changed of sign; this misprint did not affect the results of the paper͔. The linear and nonlinear parameters are determined also as explained in paper I. In Table I we report the parameters corresponding to the H 2 : b 3 ⌺ u ϩ needed to construct the DIM surface along with the H 2 ϩ : X 2 ⌺ g ϩ and 1 2 ⌺ u ϩ , which are exactly the same as used in paper I to construct the DIM surface corresponding to the ground state. The parameters corresponding to these two latter diatomic potentials have been reported in Tables II and III in paper I. We must stress that the V DIM potential does not hold the shallow minima ͑there are three equivalent minima due to permutational symmetry͒ for the lowest triplet excited state at D ϱh geometries ͑linear symmetric͒ but it has minima at C ϱv ͑linear asymmetric͒. However, the V DIM potential has the advantage, with respect to a simple sum of diatomic potentials, that it gives a good description of a conical intersection produced at D 3h geometries ͑equilateral triangles͒ between the two lower triplet excited states of H 3 ϩ . For the three-body terms of the global potential, V ABC (3)L in Eq. ͑1͒, we choose the same expansion as that given in paper I ͓see Eqs. ͑6͒ and ͑7͒ in paper I͔, including the same symmetry constraints in the linear and nonlinear parameters, to ensure that the global potential is invariant with respect to permutations of all the equivalent nuclei. 12 We must emphasize that the symmetry treatment is analytical both for the three-body terms and the global potential. Therefore, the global potential is invariant with respect to permutations of all the equivalent nuclei.
In Table II we present the rms values for different fits of the global H 3 ϩ first triplet excited-state potential using only one three-body term ͓L max ϭ1, see Eq. ͑1͔͒. In this case the gain in the accuracy of the fit when using more three-body terms is practically negligible. We fit the three-body term to V H 3 ϩϪ V DIM , where V H 3 ϩ are given by the total 7689 data points. In Table II we can see that the accuracy of the fit reaches approximately the accuracy of the data points ͑that we have estimated about 5 cm Ϫ1 ) for an expansion of order 13 with 109 linear parameters and 1 nonlinear parameter, if we consider the first group of 1292 data points with energy lower than the dissociation channel ͑2956 cm Ϫ1 ). The rms increases to about 27 cm Ϫ1 when considering the group of 5565 data points with energy lower than the dissociation into separated atoms ͑25 469 cm Ϫ1 ). Finally the rms corresponding to all data points ͑up to 70 000 cm Ϫ1 ) is about 63 cm
Ϫ1
͑see the last column in Table II͒ . Therefore, we select as a final fit the underlined in Table II ͑fit order Kϭ13 with 109 linear parameters, 1 nonlinear parameter͒. In Table III we collect the parameters corresponding to this ''final'' fit. However, as we can see from Table II our fitting procedure is able to attain lower rms errors for the global fit ͑see the row corresponding to Kϭ15͒.
In Fig. 1 Fig. 1 we have plotted (x,y) points where ͑0,0͒ corresponds to the center of mass of H 2 with the position of the two fixed nuclei indicated by a closed circle in the X axis. The corresponding R and ⌰ values correspond to: Rϭx 2 ϩy 2 and tan ⌰ϭy/x. As we can see from Fig. 1 ͑top panel͒ two minima are present when the remaining H atom approaches the H 2 encounter at a linear configuration with the same distance ͑2.454 bohr͒ between them. In the bottom panel of Fig. 1 the third minimum is present for the insertion of the remaining H atom to the H 2 encounter at a linear configuration. The minimum location in this last case is at the ͑0,0͒ point. In the three panels of Fig. 1 we have indicated the contour corresponding to the energy of the interconversion barrier ͑i.e., the energy required to cross the barrier between linear structures with the atom ordering permuted, about 2640 cm Ϫ1 ) using a thicker line. Furthermore, in Fig. 2 we have plotted the same GPES as in Fig. 1 , but now using a stereographic projection in hyperspherical coordinates. 13 The three hyperspherical coordinates are , , and . 13 The coordinate can be said to describe the overall size of the system, and and describe its shape. Pack and Parker 13 have noted that it is often advantageous to view the surface of the internal sphere as functions of and with fixed. The stereographic projection has X and Y defined as in paper I. The three internal coordinates, , , and , are easily related to Jacobi coordinates r , R , and ⌰ , with ϭA,B,C (A,B,C denoting the three particles of interest͒, through the expressions given by the Eq. ͑8͒ in paper I. In all panels of Fig. 2 , six arrangement channels appear instead of the expected three because of the inversion symmetry in the coordinate, causing each channel to be repeated twice. In this Fig. 2 we have selected three fixed values. The first one corresponds to the groundstate absolute minimum position (ϭ2.20 bohr, upper panel͒, which in this case corresponds to very high energies since the minimum location for the first triplet excited-state is displaced to longer distances. The second one corresponds to the first triplet excited state absolute minimum position ͑ϭ4.57 bohr, intermediate panel͒. Here we have six minima ͑three minima repeated twice due to inversion symmetry in the coordinate͒ located at the equatorial region, the contour connecting them corresponds to the interconversion barrier and is indicated in Fig. 2 by means of a thicker line. The third one ͑bottom panel͒ corresponds to a longer value of corresponding to the interconversion barrier location (ϭ6.70 bohr͒. Here we can see that the lower energy contour ͑the thicker one in Fig. 2͒ connects the six channels. In all panels we can see that symmetry always has a good behavior due to the analytical treatment.
Finally, the main features of this GPES along with the corresponding GPES of the ground state ͑see paper I͒ are shown in Fig. 3 , where we represent a qualitative energy diagram of the minimum energy path corresponding to the ground state ͑1 1 AЈ) and to the lowest triplet excited state (1 3 AЈ). In this Fig. 3 we can see that the minimum corresponding to the first triplet excited state is 49 833 cm Ϫ1 above the absolute minimum of the ground state.
IV. VIBRATIONAL ANALYSIS OF THE H 3 ¿ LOWEST TRIPLET EXCITED STATE
The rovibrational states of H 3 ϩ are studied using the adiabatically adjusting principal axes hyperspherical coordinates of Pack and Parker, 14 ͑denoted by APHJ͒, which are closely related to those described by Smith 15, 16 and Johnson. 17, 18 In these coordinates the body-fixed frame coincides with the principal axis system and the z axis is perpendicular to the plane containing the three atoms. The orientation of the body-fixed frame relative to a space-fixed one is specified by three Eulerian angles, ␣,␤,␥. The three internal coordinates, ,, , are easily related to any of the three equivalent sets of Jacobi coordinates. 13 Therefore, the use of these coordinates is particularly well suited for treating the permutational symmetry of triatomic systems with three identical nuclei, which may yield a significant reduction of the size of the Hamiltonian matrices for a particular irreducible representation. Moreover, if the system presents three equivalent minima with a relatively low barrier, as is the case studied here, these coordinates give a simple description of the tunneling among them. Other coordinates, as Jacobi coordinates, have the disadvantage that the Hamiltonian present radial singularities for some linear geometries. 19 In paper I, we used symmetry adapted functions using these coordinates to calculate rovibrational states of H 3 ϩ ( 1 AЈ), up to high total angular momentum (Jϭ20͒. In that case, the electronic state is totally symmetric and does not deserve special attention when dealing with the permutation symmetry. Here we present generalized symmetry adapted functions for treating electronic states with arbitrary symmetry. For doing that, in Table IV the effect of the dif-TABLE IV . Effect of the symmetry operators on the nuclear ͑APHJ coordinates͒ and electronic coordinates and functions.
Symmetry operator Euler angles
Internal APHJ coordinates
Electronic coordinates
Transformed functions
Energy diagram of the minimum energy path for both ground and first triplet excited states of H 3 ϩ . Zero energy is fixed at the absolute minimum of the ground state ( 1 AЈ). The minimum of the first excited triplet state ( 3 AЈ) is 49 833 cm Ϫ1 above the ground-state minimum and it is considered the zero energy, throughout the text, for the GPES reported in this paper.
ferent symmetry operators on the hyperspherical coordinates is shown, [20] [21] [22] [23] as well as on the electronic coordinates, x i ,y i ,z i , referred to the same body-fixed frame.
For the electronic coordinates the effect of the symmetry operations of the Complete Nuclear Permutation and Inversion Group behaves either as the identity, E, or as the reflection through the x -y body-fixed frame, xy bf , or as the rotation around the y body-fixed axis, Ĉ 2 bf (y). Therefore, the electronic wave functions should be classified according to these two latter symmetry operations as ⌽ ,C 2 2Sϩ1 ͑where S is the total electronic spin͒ such that xy bf ⌽ ,C 2 2Sϩ1 ϭ ⌽ ,C 2 2Sϩ1 and Ĉ 2 bf (y) ⌽ ,C 2 2Sϩ1 ϭC 2 ⌽ ,C 2 2Sϩ1 . Doing the electronic calculations in the C s group, the AЈ (AЉ) states correspond to ϭϩ1(Ϫ1). To analyze the effect of the Ĉ 2 bf (y) operation we examine the properties of the state at the collinear configuration as C 2 ϭ•i. In the case under study, the 3 AЈ state corresponds to a 3 ⌺ u ϩ ͑with ϭϩ1,iϭϪ1), i.e., ϭϩ1 and C 2 ϭϪ1. In addition, at equilateral triangular configurations this state appears to be degenerated, belonging to an EЈ representation of the D 3h symmetry point group due to the equivalent positions of the identical nuclei within the x -y body-fixed plane.
Following paper I, the generalized symmetry adapted wave functions are of the form
͑2͒
where
the D M ⍀ J * being Wigner rotation matrices. In Eq. ͑2͒ the A ⍀n J⌫SC 2 and B ⍀n J⌫SC 2 coefficients are given by
for ⍀ 0 and/or n 0, while for ⍀ϭnϭ0,
where ⌫ (C) is the character of the symmetry operator class C for the ⌫ representation of the D 3h group, isomorphic with the S 3 C i group. Also, nϩ⍀ must be even because the angle ␥ and ␥ are considered to be defined in the ͓0,2͔ interval instead of ͓0,͔ for convenience, so that the configuration space is scanned twice.
The remainder of the method is essentially the same as described in paper I. For , instead of exact hyperspherical harmonics, we use functions which fulfill the proper regular behavior near ϭ0 and ϭ/2 for the Hamiltonian terms diagonal in ⍀, thus avoiding the Eckart singularities. Also V ref , defined in Eq. ͑15͒ of paper I to evaluate the numerical basis set function in the hyperradius, is V ref ϵV(, ϭ /2 , ϭ/2) in this case. In Table V we present the vibronic states obtained for Jϭ0. Even when the only good quantum numbers associated with each eigenstate are the total angular momentum, J, and the symmetry, characterized by the ⌫ irreducible representation of the S 3 C i group ͑iso-morphic with the D 3h group͒, in Table V the (v 1 ,v 2 ,v 3 ) quantum numbers are also assigned. Using these coordinates makes the assignment particularly simple since the asymmet- ric stretch, v 1 , corresponds to the motion along the coordinate, the symmetric stretch v 2 corresponds to the coordinate, while the degenerate stretch v 3 typical of a linear molecule is associated with , and all of the excitation is rather well separated, at least for low excitations, as can be seen in Fig. 4 . Note that the assignment for Jϭ0 is particularly simplified by the fact that the excitation of each of these modes should belong to a particular irreducible representation. Also, the electronic part behaves as if it belongs to A 2 Ј , which explains why the excitation on has A 2 Ј character, while for the ground singlet state 1 AЈ of H 3 ϩ , studied in paper I, it corresponds to the totally symmetric A 1 Ј representation. ͑Similar arguments hold for the other modes.͒ The irreducible representation assigned to each vibronic state in Table V corresponds to the vibrational and electronic part and in order to obtain the pure vibrational character it should be multiplied by the A 2 Ј character.
The nuclear spin of the H 3 ϩ nuclei is 1/2 and the total wave functions, including nuclear spin, must be antisymmetric under exchange of any pair of nuclei, according to the Fermi-Dirac statistic. 24 This implies that the rovibronic wave function ͑without the nuclear spin part͒ must be A 2 Ј or A 2 Љ for total nuclear spin Iϭ3/2 ͑ortho H 3 ϩ ) and EЈ or EЉ for Iϭ1/2 ͑para H 3 ϩ ). Therefore, the only existing levels in Table V are A 2 Ј and EЈ, while those of A 1 Ј character do not exist. However, for total angular momentum different from zero, the vibrational states assigned for Jϭ0 split into several states belonging to different representations. Hence, the interest of showing the A 1 Ј ,Jϭ0 eigenvalues is that they provide an idea of the frequency of the band associated to transitions with such states participate. If we take into account that the maximum difference between the rovibrational levels obtained with our groundstate GPES and the ''experimental'' ones was of the order of 1-2 cm Ϫ1 ͑see paper I͒, for the present first triplet excitedstate GPES we assume a similar error. From this table we can see that for the lower vibrational levels there is a near degeneracy of three, where one state is A 1 Ј or A 2 Ј and the other two are always EЈ. When we go through higher vibrational levels, in particular those corresponding to energies above the interconversion barrier ͓but below the asymptotic energy: H 2 ϩ (X 2 ⌺ g ϩ , vϭ0)ϩH( 2 S), i.e., 4101 cm Ϫ1 ], the splitting between the EЈ energies and the energy of the remaining irreducible representation (A 1 Ј or A 2 Ј) is larger. We must stress that, in spite of the assumed error in the energy levels, the analytical treatment of the symmetry throughout the calculations makes feasible a very high splitting accuracy. Therefore, as we can see from the first row in Table V , corresponding to the first vibronic level, the splitting between the A 2 Ј and EЈ energies is practically negligible ͑lower than 10 Ϫ4 cm Ϫ1 ).
Moreover, the energy corresponding to this first vibrational level ͑about 1719 cm Ϫ1 ) may be compared with previous calculations using the harmonic approximation ͑about 1749 cm Ϫ1 , using the harmonic frequencies given by Preiskorn et al. 6 ͒ giving a difference of about 30 cm Ϫ1 . This difference is due to the anharmonicity of the surface that makes the harmonic approximation unreliable. In Table VI we give a comparison of the harmonic frequencies obtained previously [4] [5] [6] with those obtained using the GPES reported here using the harmonic approximation. As we can see from Table VI our results are fairly good when compared with the best results previously reported. 6 In the second vibronic level ͑see the second row in Table   V͒ the splitting between the A 1 Ј and EЈ energies is about 2 ϫ10 Ϫ3 cm Ϫ1 . These two energy levels are the only ones sustained by the interconversion barrier ͑2640 cm Ϫ1 ). However, the third vibronic level at about 2693 cm Ϫ1 ͑i.e., over the interconversion barrier between the three minima͒ also has a splitting between the A 2 Ј and EЈ energies of about 2 ϫ10 Ϫ3 cm Ϫ1 . However, when we go through higher rovibrational levels the splitting becomes larger with a clear breakage of degeneracy for the latest ones.
Finally, in Fig. 4 we have plotted the probability densities corresponding to the six lower energy vibrational levels grouped by irreducible representations for a fixed value ͑4.57 bohr͒ corresponding to the three minima. In each panel of Fig. 4 we have only four contourplots of probability densities: 0.9, 10 Ϫ2 , 10 Ϫ4 , and 10 Ϫ6 . If we pay our attention to the first row of panels in Fig. 4 , corresponding to the probability densities of the first vibrational level, we can see no contourplots joining the different minima, indicating a very low likelihood of tunneling between the three symmetryrelated minima. A similar result is obtained for the second vibrational level ͑the second row in Fig. 4͒ . This result is in disagreement with previous predictions ͑not based on vibrational calculations͒ of Wormer and de Groot. 7 However, for higher vibrational levels, above the interconversion barrier ͑see the third to the sixth rows in Fig. 4͒ , there are one or more contourplots joining the three minima.
V. CONCLUSIONS
In this paper we have reported a new global potential energy surface for the first triplet excited state of the H 3 ϩ system, based on a huge number of full configuration interaction energies, covering all the regions of the potential surface. The rms error of this GPES has been estimated to be about 27 cm Ϫ1 for energies below dissociation into the three separated atoms ͑25469 cm Ϫ1 ) or only about 5 cm Ϫ1 for energies below the dissociation channel H 2 ϩ (X 2 ⌺ g ϩ )ϩH ( 2 S). The global fit is totally symmetric with respect to permutations of the hydrogen atoms. We have also reported a total of 45 bound vibrational levels ͑and 6 A 1 Ј eigenvalues that do not exist͒ with an error estimation of about 2 cm Ϫ1 based on previous calculations on the ground state. We therefore conclude that the accuracy of the present GPES is very high, especially taking into account its ''global character.'' We have also found that the energy required to cross the barrier between linear structures with the atom ordering permuted ͑the interconversion barrier͒ is greater than the zeropoint energy. Moreover, we have compared our zero-point energy with that obtained using the harmonic approximation 6 with a difference of only 30 cm Ϫ1 ͑both of them being lower than the interconversion barrier͒. This result is in disagreement with previous predictions, 1 ͑based on that the surface was too flat͒ that have considered that ''the energy required to cross the barrier between linear structures with the atom ordering permuted is less than the zero-point energy predicted by the harmonic approximation.'' Moreover, we have found two degenerate energy levels ͑at about 1719 and 2455 cm Ϫ1 ), sustained by the interconversion barrier and with a very low likelihood of tunneling between the three symmetry-related minima. This result is also in disagreement with that expected by Wormer and de Groot. 7 An important result reported in this paper is the energy splitting between the vibrational levels that are close to triple degenerate. This splitting is larger for the upper excited vibrational levels. Such splitting can provide a key feature to identify the unassigned transitions amongst the many H 3 ϩ lines that have been observed in hydrogen plasmas. In a forthcoming paper we plan to report rovibrational calculations for J 0 and to obtain an analytical fit to the dipole moment corresponding to the first triplet excited state. Our aim is to compute the theoretical infrared spectrum corresponding to this state to facilitate the assignment.
